ABSTRACT: Shockwave therapy is based on generating a very intense energy in a very short period of time. It creates a mechanical pressure over the affected tissues that leads to an increased cellular permeability, thus increasing the microcirculation and the cellular metabolism. Therefore, the healing process is accelerated. Lateral epicondylitis represents a common arm injure, which usually affects early to late middle-aged patients, more common and with a longer evolution period in women, characterized by inflammation of the arm muscles' tendon insertion and manifests with pain on elbow extension and forearm rotation. Our study aims to investigate the efficacity of the shockwave therapy in comparison with a classical treatment of local and systemic drugs. The 50 patients were evenly split into two groups. The diagnosis of lateral epicondylitis was based on exhaustive physical examination. Enthesis evaluation was performed through power Doppler ultrasound. The pain was quantified using the visual analogue scale for pain intensity. All parameters were evaluated at diagnosis and after 30 days, following treatment. One group received shockwave therapy, while the other group received nonsteroidal anti-inflammatory drugs and local topics associated with laser and ultrasound application. The results of our study report that both groups experienced significant improvement after treatment. The shockwave therapy recorded a higher improvement rate in all the parameters. Consequently, this new non-invasive, effective and safe technique can be successfully used in the treatment of abarticular pathology of the elbow.
Introduction
Lateral epicondylitis (LE) or "tennis elbow" is one of the most common arm injuries, which usually affects patients aged between 30 and 60 years, being more common and having a longer evolution period in women [1, 2, 3] .
Although its etiology is partly elucidated, hereditary, chemical, vascular and hormonal factors are incriminated, as well as the aging process [4] .
This condition is generally self-limited, but some patients may experience persistent symptoms that can be refractory to treatment.
It represents a major challenge due to its difficult treatment and susceptibility to recurrence, with an average duration of the typical episode being reported between six months and two years.
It usually appears by overusing the common finger tendon at its insertion in the arm, induced by repetitive, monotonous, rapid and excessive movements of the dominant hand [5, 6, 7] .
Diagnosis is simple and can be confirmed by tests used in current practice, such as Tomsen test, handgrip dynamometer testing, Mill's test, the chair test, and the coffee cup test [8, 9] .
We can also use imaging means to identify LE, for instance musculoskeletal ultrasound, a non-invasive complex, accurate diagnostic method for the study of musculoskeletal movements during flexion-extension maneuvers or muscle contraction-relaxation and power Doppler exploration for the evaluation of inflammatory or tumor lesions [10, 11] .
Although the diagnosis of this condition is relatively simple, its management involves a plethora of medical and physiotherapeutic interventions based on different theoretical mechanisms of action.
The basic principles of treatment include pain reduction, accelerating the healing process, avoiding arm overload and returning the patient to the daily life activities.
Conservative treatment through rest, aggravating activities avoidance and behavioral change, usually leads to the remission of symptoms [12, 13] .
Nonsteroidal anti-inflammatory drugs (NSAIDs) can be used to control pain and improve short-term functionality.
Topical nitrates are also effective in reducing pain in LE and can also, stimulate collagen production by increasing local blood flow leading to the healing of tendon lesions.
Ultrasound and laser therapy are safe therapeutic alternatives that have an analgesic effect and improve the performance of daily activities, leading to a higher patient satisfaction [14] .
Extracorporeal shockwave therapy (SWT) is a newly introduced method for tennis elbow management, its non-invasive nature and low rate of complications have increased the frequency of its use [15] .
Its effectiveness has been demonstrated in LE refractory to other non-surgical therapeutic procedures [16] .
Material and Methods
Our study was performed as a multi-centered prospective investigation aiming at the efficiency determination of SWT in the treatment of patients diagnosed with LE.
After we obtained the approval of the local ethics committee, a total of 50 patients aged between 35-80 years who had previously never received SWT were included in the study.
The exclusion criteria for our study were the following: the existence of another different elbow disorder, cervical or upper extremity pathology, history of elbow joint surgery, rupture of the elbow tendon, neurological disease, limited range of motion of the joint due to known upper limb fracture, hemostatic disorder, malignancy, local or systemic infection and implanted pacemaker.
The diagnosis of LE was based on exhaustive physical examination. Enthesis evaluation through power Doppler ultrasound (PDUS) was performed by the same rheumatologist, unaware of the clinical evaluation, visual analogue scale (VAS) for the pain intensity and laboratory findings, at diagnosis and after 30 days, following treatment.
Ultrasound was executed using an Esaote MyLabSix equipment with a multifrequency linear array transducer (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) .
The lateral aspect of the elbow was examined, patient positioned with elbows in extension, thumb up, palms of the hands together, visualizing the common extensor tendon on its long axis, using coronal planes with the cranial edge of the probe placed on the lateral epicondyle and short-axis planes over the insertion for LE.
Besides the ultrasound evaluation at diagnosis we considered measuring the maximum thickness of the common extensor tendon (CET) on the lateral epicondyle and the power Doppler (PD) signal semiquantitatively on a 0 to 3 scale, before and after treatment.
Following the clinical assessment, VAS intensity and musculoskeletal ultrasound, we split the patients in two homogenous study groups (25 members each) taking into account the severity of the disorder.
Before initiating the treatment, all the patients agreed and signed the informed consent forms.
For the first group we used SWT applied with a BTL-5000SWT equipment using the W-0108 program for LE.
The settings used were continuous shocks with 2 bar pressure and a frequency of 10Hz (2000 shocks).
The treatment was performed in five sessions with a five day break in-between.
After identifying the painful sites, SWT was started with 400 shocks at 2 bars with a frequency of 5Hz around the most painful area.
Subsequently, the painful spot was treated with 1000 shocks and another 400 shocks were successively applied to the forearm muscles.
The treatment received by the second group consisted in the administration of NSAIDs and local topics associated with laser and ultrasound applications.
Results
Mean values for all parameters are included in Table 1 . Our results (Fig.1) show great improvement on both therapies with a higher effectiveness in favor of the shockwave treatment (26.23% improvement in CET thickness for the SWT in comparison with 14.52% for the alternative one).
The patients in the first group reported a decrease of mean VAS from 70.8mm to 28.4mm (59.89% decrease), while the patients in the second group reported only a reduction in mean from 61.6mm to 38.8mm (37.01% reduction).
The results regarding the PD scale (Fig.2) also show a great decline for the SWT with a decrease from a mean of 2.5 to 0.8 (69.35%).
The PD scale for the second group has diminished as well, from 2.2 to 1.3 (41.07% decrease).
The results are graphically represented bellow (Fig.3,4,5) .
All parameters decreased significantly in comparison with pretreatment values (P<0.05). 
Discussion
In this study, we investigated the ultrasound appearance and VAS in patients diagnosed with LE following two different therapeutic paths.
The pathology, also known as "tennis elbow" is caused by chronic microtrauma secondary to repetitive overuse that determines progressive degeneration and/or partial tears of the common extensor tendon (tendinopathy) [17] or to damage to the bone insertion (enthesopathy) [18, 19, 20] .
The extensor carpi radialis brevis is the more commonly affected. According to Outcome Measures in Rheumatology (OMERACT) ultrasound group enthesopathy is defined as "abnormal hypoechoic (loss of normal fibrillar architecture) and/or thickened tendon or ligament at its bony attachment (may occasionally contain hyperechoic foci consistent with calcification), seen in two perpendicular planes that may exhibit Doppler signal [21, 22] and/or bony changes, including enthesophytes, erosions, or irregularity" [23] [24] [25] [26] .
We have found several studies which report the favorable effect of SWT in patients with LE and the success rate ranged from 68% to 91% [27] [28] [29] [30] .
Shockwaves are acoustic waves that carry an increased level of energy to the painful areas of the musculoskeletal tissues in patients with subacute and chronic conditions. The kinetic energy of the projectile is determined by the compressed air and is taken over by the transmitter and subsequently by the tissues of the affected area. The energy transmitted to the affected tissues stimulates the processes of bone, tendons and soft tissues regeneration [31, 32] .
One of SWT beneficial effects is the formation of new blood vessels. Blood nutrient intake is necessary to start and maintain rejuvenation processes of affected tissue.
By applying SWT, partial ruptures of capillary vessels from the tendons and bones will increase, which will consequently stimulate the expression of growth factors such as endothelial nitric oxide synthase, endothelial vascular growth factor and morphogenetic bone protein.
As a result of these mechanisms, the development, growth and remodeling of arterioles is stimulated, with direct involvement in enhancing the blood supply of nutrients and oxygen to the affected tissues leading to a faster healing of localized lesions in the bones and tendons [33] . Chronic inflammation occurs when the inflammatory response is not completely stopped and may cause chronic pain by affecting the healthy tissue.
Through SWT, the activity of mast cells is increased.
The activation of these cells will result in the production of proinflammatory compounds (chemokines, cytokines) that initially accentuate the inflammatory process and then stimulate the healing and regeneration processes of the affected tissue [34, 35] .
The production of a sufficient amount of collagen is necessary for the reconstruction of the affected musculoskeletal and ligamentous structures.
Applying SWT accelerates collagen synthesis and causes the new collagen fibers to have a longitudinal distribution in order to increase tendon density and strength [36] .
P substance is an important neurotransmitter that mediates pain and is generally associated with chronic and persistent chronic pain.
Applying SWT leads to a decrease in the P substance concentration, with direct involvement in pain reduction and stimulation of nociceptive fibers [37] .
In our study, in the treatment of LE, we observed short-term effectiveness of SWT on both subjective clinical parameters as VAS, and imaging parameters as ultrasound evaluation (CET thickness, power Doppler scale).
A significant pain reduction (P<0.05) was recorded in all the patients who benefited from this therapy.
Furthermore, SWT also increased the quality of life in these patients.
Pain relief on the VAS scale was found to be greater with a mean of 59.89% in all patients who received SWT compared to an average decrease of 37.01% encountered in patients treated with drugs and standard physiotherapy procedures.
The ultrasound imaging parameters also reported a significant improvement of the inflammatory process quantified by means of CET thickness and PD scale (P<0.05).
The CET thickness improvement found in the first group was an average of 26.23%, compared to the improvement in the second group of 14.52%.
The PD scale has recorded an average improvement of 69.35% in the shockwave treatment group, while the group that received drugs and traditional procedures has recorded an improvement of only 41.07%.
Conclusion
In conclusion, SWT is a relatively new and non-invasive, effective, convenient and safe therapeutic procedure.
The rate of complications is low and negligible.
The therapeutic effect is cumulative and requires, in most cases, three to five sessions.
Frequently, patients experience pain relief after the first treatment session.
The use of SWT in lateral epicondylitis provided superior results compared to the classical physical therapies and allows for the reduction of pain and temporary inability to work in these patients.
